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(54) Sintered valve guide 

(57) Disclosed is a valve guide which is manufactured by a sintered alloy and used for an engine The guide 
has an inner surface in use in sliding contact with a valve stem. The inner surface is finished by machining and 
exposing pores. Area-ratio of the pores with respect to the Inner surface is 2.7 to 10.7%, and at least one pore 
having a pore size of not less than 80 nm exists per 1 mm 2 of the inner surface. . 

The process for manufacturing the guide involves preparing a powdered mixture which is not less than 
85% by weight Fe powder. The particle size of the powder is 74-250 u.m. The mixture is compressed to form a 
green compact which is sintered and the inner surface is machined. 
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TITLE OF THE INVENTION 

VALVE GUIDE AND PROCESS FOR MANUFACTURING THEREOF 
BACKGROUND OF THE INVENTION 

Field of the Inventio n 

The present invention relates to a valve guide which 
is manufactured by a sintered alloy and used for an 
engine, and more particularly, to a valve guide which has 
high wear resistance^ and can -prevent appearance -of 
scuffing on a surface of. a valve stem associated with the 
valve guide,, and. to a process for manufacturing the valve 
• guide . ; 

- Description of the Prior Art 

\ ;./■ For use of engines of automobiles and the like, 

various valve guides manufactured by sintered alloy have 
been provided. Such type of . the. valve guide includes 
some hard phase in order /to obtain wear resistance ./ For 
• example, the applicant of the invention .discloses a valve 
guide including hard phase consists of . Fe-P-C eutectic 
compound (called steadite) in Japanese . Patent Publication 
Nos. 1980-34858 and 1989-52463. The sintered alloy valve 
guide is manufactured in a way that a green compact is 

— — . — ?t ri J-o-rgH, anH i prfis^firi f it . into a cylinder head of an 
: engine. Then, reaming is carried out to , the inner 
surface of the' sintered body, so that the valve guide is 
completed. Lubricating oil is provided to the valve 
guide by an oil. feeding system provided to the engine, so 
that lubricating, .oil * flows, through .pores in the valve 
guide, and exudes to a sliding portion between the valve 
guide and a valve stem supported. thereby . - 

When quantity of lubricating oil exuding to the 
sliding portion is not enough, the surface of the valve 
guide becomes scratched and chipped by wear, that is to 
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say, scuffing appears on the valve stem. On the 
contrary, when lubricating oil can easily flow through 
the pores,, a large quantity of lubricating oil exudes to 
the sliding portion. As a result, lubricating oil leaks 
from the sliding portion and is sucked into the engine, 
chamber due to negative pressure thereof, so that exhaust 
gas includes white smoke. Therefore, the valve guide is. 
required to flow suitable quantity of lubricating oil 
through the pores. Furthermore, the valve guide is 
.required to have not only wear resistance but also 
machinability which is important quality. However, as 
mentioned above, because the valve guide manufactured by 
sintered alloy- includes hard phase dispersed in the 
structure, machining of the valve guide is difficult. 
Therefore, the applicant proposed a. valve guide having 
improved machinability in Japanese Patent Laid Open No. 
1992-57140 maintaining wear -resistance of the valve .guide 
disclosed in the' above mentioned Japanese Patent 
Publication No .. 1980-34858 . However, a need exists for a 
valve guide having further improved machinability.. 

As mentioned above, the valve guide is required to 
have various performances at high level. . 

SUMMARY OF. THE INVENTION 

Therefore, it is an object of the present invention 
to provide a valve guide and a process for manufacturing 
■thereof which can meet the above need. 

The inventors. of the present invention researched 
reason. of appearance' of scuffing on a valve stem, as a 
result,' they -fountiUthe reason was : v that pores exposed on 
an inner surface of the valve guide were closed, by 
machining, thereof . ' Then, the inventors researched 
relationships between pores exposed on the inner surface 
of the valve guide after machining and appearance of the 
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. -scuffing, as a result, they found that pore. size' had to 

be more than a stated value, by the reason that pores 
' exposed on the inner surface of the valve- guide did not 
penetrate to inside pores when, the pore size was small, 
and pores having a small pore size could be easily filled . 
up by machining. In the explanation, the pore size means 
the diameter of an assumed circle having the same area 
that measured pore has. Furthermore, even' if pores have 
large pore size, the valve guide may partially lubricated 
when pores are unevenly distributed on the inner surface. 
Additionally, area-ratio of pores on the inner surface is 
one of important factors in order to- provide enough 
lubricating oil to the inner surface- The present, 
invention is completed based on various experiments 
according to the above mentioned knowledge. '.».*/•'"' 

In accordance with the present invention, there is 
provided a valve guide' manufactured by sintered alloy, -.- 
the valve • guide comprising an inner surface sliding with 
a valve* stem, the inner" surf ace finished by machining and 
exposing pores, area-ratio of the pores with respect to 
• the inner surface being 2.7 to 10.. 7%, 'and at least one 
'"' pore having not less than 80 Mm of pore size existing per. 
1 mm : of the inner surface. The reason of the above 
numerical limitation will be explained together. with- 
effects of the present invention. 

In accordance with the experiments carried out. by — 

- - the inventors, scuffing appeared on a valve- stem when the 
area-ratio of pores exposing on the inner surface of the 
valve guide was 2.5 %, while .scuff ing ' did not appear on 
the valve stem, when the area-ratio was 3.0- %. Therefore, 
- the border whether- -scuffing- appears. will.be the "average . 
of the .above numerical values, so that the inventors \. 
established the minimum area-ratio of 2.7%. In. order to 
effectively prevent scuffing, minimum area-ratio is- 
preferably 3.0 %, . and more favorable result- will be 
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obtained if the minimum area-ratio is 4.0 %. 

Furthermore, the inventors researched relationship 
between area-ratio and leak. of lubricating oil. The 
research' was carried out in a way that an end portion of. 
a valve guide was inserted in a vacuum tank, and the 
other end portion of the valve guide was projected from 
the vacuum tank. Then, lubricating oil was provided to 
the projected end portion of the valve guide, and the 
pressure. of the tank was reduced to negative pressure 
generally equal to intake pressure of an. engine. Through 
this operation, the inventors observed whether 
lubricating oil leaked in the vacuum tank. The result of 
the research, lubricating oil leaked when the area-ratio : 
was 11.4 %, while lubricating oil did not leak when the 
area-ratio was .10.0 %. Therefore, the inventors 
established the maximum area-ratio of 10.7 % which was 
the average of the above numerical values. In order to 
effectively prevent leak of lubricating oil, maximum 
area-ratio is preferably 10.0 %. 

Thus, in the present invention, the area-ratio of 
the pores exposed on the inner surface,, can be either of : 
these ranges, 2 . 7 to 10. 0 %, 3.0 to 10.0%, 4.0 to 10. 0 . 
%, 3.0 to 10.7 % and 4.0 to 10.7 %. . 

-/Moreover, the inventors researched particle size and 
distribution of pores, and found that even if the area- 1 
ratio was in the range of Lhe piebeiiL iiiveutiun, — scuffing 
appeared when at least one pore having not less than 80 
jum of pore size did not exist per 1 mm-, of the inner . 
surface. Therefore, the above numerical limitation was 
adopted to the present invention. 

Number and particle size of the pores are naturally 
limited since the area-ratio of the pores is no more than 
10.7 % (preferably 10.0 %) . As' means . for machining. of 
the inner surface, end-mil, . drill, grinder, vanisher and 
the like can be used. Considering, convenience and high • 
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accuracy, reamer is most suitable for machining. 

Chemical composition of the valve guide of the 
present invention can be properly chosen. For example,, 
the valve guide can be. manufactured by a sintered alloy 
comprising 1.0 to 10.0 % by weight of Cu, 0 . 6 to 1 . 2 % by 
weight of C, no more than 3 % by weight oif . Ni, and . 
balance of Fe and inevitable impurity, matrix structure 
constructed by essentially pearlite or composite 
structure of pearlite and bainite, with no hard phase - 
The matrix structure can be constructed by only pearlite. . 
or composite structure of pearlite and bainite, or 
ferrite and/br.martensite can be included in a part of 
' the matrix structure. Ni is optionally included "in the 
: sintered alloy. Therefore, the sintered alloy may be 

: \. Fe-Cu-Ni-C sintered alloy when Ni is included therein, 
the sintered alloy may" be Fe-Cu-C sintered alloy when Ni 
is not included therein. •" 

In the valve guide : according to the present 
invention, inner surface thereof can be suitably 
lubricated by lubricating oil, so that wear resistance 
; can be improved although hard phase such as- steadite ( Fe- 

. P-C eutectic compound) is not" included. Additionally, as 
the composite structure is constructed by essentially 
pearlite or composite structure of pearlite; and bainite,: 
with no hard phase, mactiinability can be improved. . 

' Following is the reason of the numerical limitation or~~ 
the above elements. 

Cu: Cu is mixed to strengthen the matrix". ; If 
content of Cu t is less than'1.0 % by weight, necessary " 
radial , crush strength of a sintered body can not be V 
obtained. On' th'rc6ntrary r if content of Cu is more than 
10.0 % by weight, amount of Cu exceeds limit of solid 
solution thereof, so that considerable amount of Cu is 
retained in the^ matrix, this result in decline of 
strength. Furthermore/ retained Cu result in t dispersion. 

5: ' • • • - ', 



of -martensite in the matrix, so that -machinability is 
declined. 

. C: C is mixed to form pearlite in the matrix, so 
that .strength of the. matrix and wear resistance increase. 
If content of C is less than 0.6 % by weight, amount of 
pearlite decreases, so that the above advantages can not 
be obtained'. On the contrary, if content of C is more 
than 1.2 % by weight, brittle cementite reticulately 
precipitates at grain boundary, so that strength and 
machinability decrease. 

Ni: Ni is mixed to be diffused "in the matrix, so 
that hardness of the matrix increases. As strength of 
the matrix increases, plastic flow of the matrix 
decreases when machining is carried out to the inner 
surface of the valve guide. Therefore, pores exposed oh 
the inner surface are retained thereon. If content of Ni 
is more than 3.0 % by weight, a portion of matrix 
transforms to martensite that is hard, so that 
•machinability declines and ' accelerates wear of valve 
associated with the valve guide. Moreover, a portion in 
which Ni does not quickly diffuse is retained in a phase 
.of austenite, so that, built-up edge is easily formed on . • 
an edge- of cutting tool when machining is carried out, , 
and this, result in decline of machinability. 

In the present, invention, at '.Least one of 0.01 to 

to 1.0 % by weight of MgSiCb (e.g. enstatite) can be 
included. These additional elements are effective as 
solid lubricant, and function for breaking chips produced 
during machining (chip breaker effect) , so that 
•. machinability' is ^further improved.' As a result of 
improvement, of machinability/ cutting force loaded to the 
matrix by. a cutting tool when the inner surface is 
machined decreases, so that plastic flow, of the matrix 
can- be controlled to small levels. The minimum values of. 
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-the above numerical limitation are at least necessary 
minimum content to obtain the above advantages . On the 
contrary/ if the above elements are included too much, 
progress of sintering is obstructed. For this reason, 
the maximum values of the above limitation are . 
established. 

■ in case of mixing BN, composite powder consist of Fe 
powder pre-alloyed with BN (disclosed in Japanese Patent 
Laid Open No. 1991-79701) is advantageously used since BN 
is. . evenly disperses in the matrix . ' ' . : 

Moreover, no more than 0.2 % by weight of P can be 
mixed since P progresses sintering and strengthens the 
matrix . If content . of P is more than 7 0 .2 %, ' steadite 
- precipitates in the matrix, so that ' machinabil ity ' ; 
declines. 

• .Additionally, in the valve guide according to the 
present invention,! the area-ratio of pores and number of 
pores having the particle size : of trie present invention 
can be established by optional -means'. For example, 
machining condition can be suitably set up "so as to • 
obtain the" above, numerical limitations . In this manner, 
no more than 3 % by weight of Ni can be mixed, so that • . 
the area-ratio can be . increased since plastic flow of the 
matrix by machining decreases. •Furthermore, by using 
coarse powder as. mentioned below, the valve guide 
according to the present invention can be manuf acturea. 
The following is "a process for manufacturing a valve 
guide according to the present-invention. 

Particle size distribution of Fe powder used/for 
manufacturing a conventional valve guide is about 20 % by. 
; weight - of not less "than 105 p ' td less than ' 177 ; fim of 
particle' size, about ' 55 %. by weight of not less than 44 \i 
m to less than 1.05 /im of particle size and about: 25 % by 
weight of less" than. 44 /ini of particle size. As the 
conventional valve guide was manufactured by using such a 
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Fe powder, amount of pores; exposed on an inner surface 
after machining was not sufficient, so that lubrication 
of a sliding portion was not sufficient and scuffing 
easily appeared. 

The inventors of the present invention researched 
relationship between particle .size distribution of . Fe 
powder and appearance of scuffing, and found the 
relationship which enables to provide sufficient amount 
of lubricating oil to the sliding portion. The process 
for manufacturing a valve guide of the invention is based 
on the above relationship, and comprises the steps of 
preparing powdered mixture comprising not less than 85 I 
by weight- of Fe powder having 74 /Mm to .250 fim of 
particle size, compressing the powdered mixture to form a 
green compact having an inner surface, sintering the 
green compact, and machining , the- inner surf ace . 

In the process for manufacturing a valve guide 
according to the invention, by using the powder 
consisting of coarse particle such as the above, when a 
green compact is formed, gaps -between particles become 
large,, and particles support' one another, so. as to form . -/ 
•bridging of a shape, so that large gaps are formed in the " 
green compact. Therefore, when. the green compact is 
sintered, large pores are. formed. Moreover, when 
machining to the inner surface of the valve guide is 
carried- out, arthough some pores exposed on the inner — 
surface are closed due to plastic flow of the matrix,' 
sufficient amount of pores having sufficient pore size . 
are retained. According to , the experiments performed by. 
the inventors, scuffing appeared when 80 % by weight of 
Fe powder having . the "above pore size was included. 
However, scuffing did not appear when 90. % by. weight of 
the Fe. powder was included, and exceeding good result was 
obtained when -95 % by weight of the Fe powder was 
included. 
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Therefore, in the present invention, particle size 
of not less than 85 % by weight of Fe powder is not less 
than 74 /im (200 plus mesh) to no more than 250 /xm (60 
minus mesh) . Preferably, the Fe powder having the above 
particle size is not less than 90 % by weight, more 
preferably not less than 95 % by weight. Additionally, 
the particle size of the Fe powder is preferably not less 
than 105 /im (145 plus mesh) and no more than 250 Aim. . 

'Although the manufacturing process of the • invention 
is not limited. to manufacture only the valve guide of the 
invention, of course arrangement can be made to the 
invented manufacturing process/ That is to say, the 
above powder can be pressed to form a green, compact and 
sintered, then, can be machined so as to obtain area- 
ratio of the pores with respect to the inner surface 
being 2.7 to 10.7%, and at least one pore having not less. 
' than 80 ftm of pore size -existing per 1 mm-' of the. inner 

, surface . _ 

Particle size of Fe powder corresponds' particle size 
of matrix of sintered alloy .. On a microstructure of a 
section of the sintered alloy, in the case that particle 
size of a particle which the section pass off-set .the 
center thereof , the particle size is measured smaller 
compared to the actual particle size. According to the. 
research of the inventors,' when 5 % by weight of powder . 
" h a v i ng les7 than 7 4 m m~oT"parti Eli" "sTzeT^Enen irW^ ri=rti-o 
of the particle having less than 74 Aim of particle size 
■ is 10 % with respect to area of the matrix. Moreover, = 
when 10 % by weight of powder having less than 74 Aim of 
particle size, the area-ratio of the particle having less 
than 74 Aim of particle size is 15- % with respect to area 
of the matrix . 

• ' " According to another aspect of the- present 
invention, i't is provided a process for manufacturing a 
valve guide specified in claim 4, comprising the steps of 



preparing powdered mixture comprising Cu powder, the Cu " 
powder including not less than 25 % by weigh of Cu powder 
having not less than 74 . fj,m to .no more than 250 /zm of 
particle size, compressing the powdered mixture to form a 
-green compact having an inner surf ace, sintering, the 
green compact, and ma.chining the inner surface. 

The Cu powder strengthens the matrix by solid 
solution therein during sintering. After diffusion of 
Cu, a pore is formed at the portion where Cu particle has 
been (Kirkendall effect) . The pore size of the pore 
corresponds particle size of the Cu powder. According to 
the experiments carried out by the inventor, scuffing 
appeared when 20 % by weight of the Cu powder was mixed, 
while scuffing did not appear when 30 % by weight of the 
Cu powder was mixed. . Therefore, in the present 
invention, the.minimuia limitation of content of the Cu 
powder is 25 % by weight. Preferably,, the Cu powder may 
be included not less than 30 ?: by weight. 

In the present invention, content of the Cu powder 
is 1.0 to 10.0 % by. weight, which is small .with respect 
to entire component. Therefore, although the coarse Cu 
powder in . the range of not less than 74 Jim to no more 
than 250 flm can be used without leak of lubricating oil. 

The reason that . the maximum limitations of the 
particle size are established in the above two . 
m^'uf 

oil. Furthermore, In the manufacturing processes, by 
mixing no more than 3 % by weight of Ni with the powder, 
plastic flow of the matrix by machining decreases and the 
area-ratio of the pores can be increased. 

The features' and advantages 6f the valve guide and 
manufacturing process thereof will be more clearly 
understood from the following description of preferred' 
embodiments of the present invention. 
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DETAILED DESCRIPTION OF" THE PRESENT INVENTION 



The following is description of samples of .the valve 
guides of the. present invention "and samples of the 
conventional valve guides. In the following description, 
the mixture ratio and the chemical composition. are based 
on ; weight 

A. Example -1 

[Manufacture of Samples] 

5 % of a Cu powder and 1 % of a graphite powder were 
blended with some Fe powders having various particle size 
distribution/ then the powdered mixtures were 1 compacted 
to" form ring-shape test pieces having- a density- of 6.8 
g/cirr\Then, the green compacts were sintered in -a 
reducing atmosphere at a temperature of 1, 130 °C for 60 
minutes. After this, reaming was carried out to a bore 
of each . test' piece by using a cemented carbide- reamer 
with a diameter of 8 mm. . The- test pieces were- reamed 
with a cutting speed of. 950 rpm and a. feed per revolution 
of 0. 4mm/ re v . : ■ v * ' . V; ■ 

[Valuation of Sliding Portion] . / 

Each sample was; impregnated with lubricant oil , then 
ins tailed to a vertical valve guide- wear tester-, and 
carried out an wear test. - The wear tester had a 
construction that a valve was - installed to a lower end of 



a vertical piston movably equipped rq ihe w~e"arr~tre"s1re-r7 ~ — 
the sample was installed to the we.ar "tester and was" 
penetrated by a valve stem of the valve, . and- the valve 
was moved reciprocately with applying . a lateral- load / 
The wear test was carried out at a stroke frequency of 
3000 rpm with a stroke length of .'8 : mm. The lateral- load 
applied to the piston (valve) was 3 kgf, and the wear 
test was carried out- in an exhaust ' gas at a temperature 
of 200 °C for 30 hours. After the wear test, a, surf ace of 
the valve stem was observed. The result of appearance of 
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scuffing and a valuation thereof are. shown in Table lv 
In remark in Table 1, "good" was the case that ordinary 
wear appeared on the valve stem, "best" was the case that 
the surface of the valve stem was smooth and very good 
condition although wear was appears thereon. 
[Observation of Oil Leak] 

Appearance of oil leak of the samples was observed 
by using an oil permeation measuring apparatus.. The 
detail of the measuring apparatus is follow. 

The measuring apparatus has a decompression tank 
having an opening at the top thereof. An oil tank having 
an opening at the top thereof is attached to the top of 
the oil tank so as to form. an air tight chamber in the 
decompression tank. A holder is provided at the bottom . 
of the , oil tank and is designed so as to hold a sample 
air tightly in a way that an end of the sample is 
projected from the oil level,, and another end of the - 
sample is inserted in the air tight chamber. 

.In the experiment, a sample impregnated with 
lubricant oil was held by the holder. Then,/ lubricating 
oil was provided to the projected end of the sample, and 
the. pressure of the decompression tank was reduced to a 
negative pressure generally equal to an intake. pressure 
of an engine V This condition was held for predetermined 
holding time, and observed that lubricating oil was 
"HYipped - in the decompression tank or notT. m the 
experiment, the pressure in the decompression tank was 
4 00 mmHg, and the holding time was 300 minutes. The 
result of oil leak and' a valuation thereof is shown in 
Table 1 together.. 
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Table 1 



Sample 


Area- 


Number of pores having assorted size n/mnf 


Valuation 


Remark 


No. 


Ratio 
(50 


3O0#m£ 


150^m^ 
<300#m 


80 Am^~ 
< 150 jam 


<80/im 


• 




i 


1.3 


0 


0 


0 


Much 


No Good 


Scuffing 


2 . 


2.5 


.0 


-' o 


• 1 


Much 


No Good 


Scuffing 


3 


'3.0 


0 


0 


1 : 


Much 


Good 


. Good 


4 


3- 2 . 


.0 


■ o 


■ o 


Much 


No Good . 


Scuffing 


5 


3. 4 . 


0 


0 


1 


Much 


Good 


Good . 


■6 


4.2 


0 - 


• , 1 


Several 


Much" 


Very Good 


Best 


- 7 


4.4 


o - 


0 


0 


Much . 


•No Good 


Scuffing 


. - 8 


4.9 


0 


1 . 


Several 


Much 


Very Good 


Best 


9 . 


5.2 


'•• 0 


. .'. 1 


2 


Much 


Very Good 


Best 


10 


6- 8 , 


o 


' "0 


0 


Much 


No Good 


Scuffing . 


; .11 ; 


7.5 


0 ' 


2 


Several" 


Much . 


Very Good 


Best 


; 12 


8..1 


• 0 ' 


2 




Much 


Very Good 


Best. 


13 ' 


8. 2 


0 


'.' 0 . ; 


0 


Much 


. No Good 


Scuffing 


• 14 


. 9.2 


0 




••; • 5 , 


Much 


Very Good 


Best 


15 . 


■ 9.5 


0 - - 


-3 • ' 


• Several 


Much. 


Very Good 


Best 


16 


9.7 


0 


■ " -2 - 


v 1 ; 


Much . 


Very Good 


Best 


•17 


10.^0. 
11.4 


.0 . 


. 1 . , 


■ . 10 


Much v 


Good 


Good 


18 . 


o •• 


4 v . 


Several 


Much 


No Good 


Oil Leak 


19 


12.5 


0 


• 3 


2 


- Much 


No Good 


Oil Leak 


. 20 


16.8 


0 ' 


0 ■ 


. \ 0 


Much. 


No Good . 


Scuffing 


.21 


22.7 


2 ■ 


1 ' 


2 


Much 


No Good . 


Oil Leak . 


22 


-^-8 


—3 


2 


__.SexeraJ 


Much 


No Good 


Oil Leak 



[Measuring Area-Ratio and Pore Size] . 

Each sample was cut and an inner surface thereof was 
observed, by a microscope, -and amount of area of pores in 
the entire view of the microscope was measured. The 
ratio of the amount- of . area of the pores in the view with 
respect to the area of . the entire view (area-ratio) was 
calculated. . The calculated area-ratio is shown in Table 
1 together: Pore size of the pores in the view was 
measured, .and measured pore size were assorted by the 
range of less than 80 fim, not less than 80 tim to less 

13 



than 150 ,/im,. not less than 150 fj.m to less than 300 Mm 
and not less than 300 /xm, and number of the pores 
corresponding the above assortment in 1 mnr of the inner 
surface was counted. The number. of the pores is shown in 
Table 1 together. The following is the check of the 
numerical limitation of the present invention based on 
the result in Table 1 . 

[Check of Numerical' Limitation] . 
(1) Area-Ratio (2.7 to 10.7 -%)*- 

. In sample Nos. 1 and 2 which the area-ratio were 
below the minimum limitation of the invention, scuffing 
appeared on an inner surface of a valve stem. In sample 
Nos. 18, 19, 21 and 22 which the area-ratio were above 
the maximum limitation of the invention, lubricating oil 
dripped (oil leak appeared) . On the contrary, in almost 
sample.Nos. 3 to .17 which. the area-ratio were in the 
range of the invention, scuffing and oil dripping did not 
appear.-. Particularly in sample No. 2, one of the 
numerical limitation was satisfied, i.e., at least one ■ 
pore having not less than . 80 /zm of pore size existed per 
1 mm- of the inner surface. However, in sample No. 2, the 
numerical limitation with respect to the area-ratio was 
not satisfied, so that scuffing appeared as mentioned 
above.- Thus, reliability of the minimum limitation of 
the area-ratio of the invention was backed up. 

~~T2~) Number or fores ~~ 

(not less than 80 /zm of pore size existed per 1 
mnr) 

In sample Nos. A, 7, 10 and 13, scuffing appeared 
although the area-ratio were in the range of the 
invention. TheV'reasbn is that, in these samples, the 
numerical limitation of number of pores having invented . 
pore size were not satisfied. Particularly, in sample 
No. 20, although the area-ratio was above the numerical 
limitation of the invention, number of pores having 
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invented pore size was below the range of the invention, * 
so that scuff ing appeared. 

As it can be clearly understood from the. above, the 
numerical limitations of the invention with respect to 
the' area-ratio and number of pores are related 
inseparably close each. other, and the' numerical . 
limitations of the. invention are ' indispensable to prevent 
scuffing and oil dripping. 

B . Example 2 * - . ' ■ 

• [Manufacture of Samples] \ : -' 
A P' powder, a ; BN powder and a MgSiOy powder; were 
properly blended with - a Cu powder and a graphite powder 
: and a . Fe powder, then the powdered mixture were compacted, 
tp form ring-shape samples having a dimension of .0 11X0 X 
6'. 4 X 10 mm . and. a densi ty of 6 . 8 * g/cih-- . Then/ the' green 
compacts were : sintered in a reducing atmosphere.- at. a 
"temperature of 1, 130 °C for 60 minutes . After this, : 
reaming was carried' out to a bore' of each sample by using . 
a cemented carbide reamer with "a diameter, of 7.0 mm. The 
samples were reamed with a cutting speed of 950 rpm and 
at a "feed per revolution of 0.4 mm/rev.. As to 
measurement of machihability, reaming was carried out to. 
sintered sample- (not reamed) at the following condition. 
[Measurement . of Mechanical Properties] . ;■" - . 
~"~" : Hardne 

amount of ' wear : were measured.- . The. operation, time which' 
was necessary for reaming entire length of 10 mm of 
sample with prepared hole diameter of 6 .4 mm by a. " 
cemented carbide reamer with a diameter of. ,7 .0 mm was 
measured for estimation of machinability of the valve 
guide. Moreover, each sample was installed to the 
vertical valve guide wear tester used in Example 1, the 
valve penetrating the valve guide was moved. reciprocately 
with applying a. lateral load to the valve, and amount, of 
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with applying a lateral load to the valve, and amount of 
wear of the inner surface of the valve guide was 
measured- The wear test was carried out at a stroke 
frequency of 3000 rpm with a. stroke length of 8 mm.. The 
lateral load applied to the piston (valve) was 3 kgf , and 
the wear test was carried out in. an exhaust gas at a 
temperature of 200 °C for 30 hours. The result of the 
wear test are shown in Table 2. 

In Table 2, the cases in which radial crush strength 
was no more than 70 kgf/mirr, machinability was not less 
than lOs/lOmm, amount of wear was not less than 90 >um 
(scuffing appeared) . were beyond the permissible 
limitation and indicated "NG" . . Furthermore, in Table 2, 
M # " is attached to the numerical value exceeding the 
numerical limitation mentioned on and after Claim 3, and 
Tl lV" is attached to the numerical value below the 
numerical limitation mentioned on and after Claim 3 . 
[Valuation of Property: Function of Cu] 
In sample No 30, radial crush strength was less than 
70kgf/mm : and valuated "NG", amount of . wear was large arid; 
scuffing appeared. The reason can be assumed that 
content of Cu was below the range (1.0 to 10.0 %K of the 
invention (claim 3), so that strength of the matrix was 
not sufficient in sample No. 30. Moreover, in sample 59/ 
radial crush strength was less than 70kgf /mm 2 , and valuated 
-^^NG"""" The r¥as^n~c^ 

above the maximum limitation, of the . invention, so that 
amount of Cu exceeded limit of solid solution thereof and. 
excess Cu precipitated, and strength of the matrix, 
declined- 
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Table '2 



. Sample 


: Ch( 


smica 


L Cora 


posi 


tion (wtSO 




Valuation 


I terns 




No. 


Cu 


C 


IT ■ 


P 


BN 


MgSiO} 


' Hardness 


Radial 


Machin- 


Amount 
















of Matrix 


Crush 


ability 


of Wear 
















(MHV) 


strength 


(sec/lOmm) 


Cm m) 


















(kgf/mrrf) 






. 30 


0. 5-ft 


1.0 


- 


- 


• - 


- 


•■■ 


68 CNG) 


, 5. 9 


96CNG)" , 


31 . 


1.0 


1.0 




- 


, - 




/ .- - 


75 


6. 4 ' 


85 


: 32 


3. 0 


1.0 




- 


- 


- . 


- - 


' 85 


7.4 


75 


. 33 


5.0 


0.3tf 












64CNG) 


5:5 


110(NG) 


34 


5.0 


0.6 






- 






. 76 


6.6 


; 78 


35 


5. 0 


0.8 


- 


: - ■" 


. - 


- 




88 


7.8 ' 


61 . 


36 


5. 0 


1.0 


- • 


- • 


■. - - , 


'• - 


; 315 


' 90 


8.3 


58 


37 ; 


5. 0 


1.0 






; - - . 


0. 05 




89 • 


•7.9 


60 


' ; " • 38 


5. 0- 


1.0 






' -'. - 


0 10 




• . 87 • 


7.6 


• 63 


39. 


5.0 


1.0. 


- 


- 


' — ■ • ■ 


0. 50 


■ - 


• 79 


6.8. 


75 


40 


5.-0 


1. o- 




*- * 




i. uu. 


. - • 


74 


• • 6.3 


81 ■ 


41 


5. 0 


1.0 


_ 


- .. 




1. 20* 


... • 


62CNG5 






-42. • 


5.0 


1.0 






0.01 


- 


. - • . , . 


89. 


7.8 


60 • 


; . 43 


5.0 


1. 0 


- 




0. 05 




•*•.;-■. 


■ 87 


'> 7 ? : 


63 . 


: 44 


5.0 


1. 0 






0.05 


. 0. 10 




82 


. 7-2 


72 


45. 


5.0 


1,0 


- 




0. 10 






... 84 


.•.7.3 .; 


. .69 


46 


5^ 0/ 


L0 






0. 50 




- 


.. 76 .. 


6,5 


78 




5. 0 


1.0 






0. 80* 




J - - 


67 CNG > 


.5.8 


98CNG) . 


48 


5.0 


1. o 




0. 1 


-. 






. 92 . 


8-6 ; 


. . 56 


----- -49- 


5,-0- 


-1,-0- 




0.-2 




_ ■ - 


- 


- 94. ' 


-9. 0 : 


54 - 


50 


5.0, 


1.0 


- 


0. 3* 




- 


- 


' 86 ■" 


13. 2CNG) 


. 51 


51 


5.0 


1.0 


0.5 


- 






320 




8.3 


54 


52 


5.0 


1.0 


1.0 








330 






' 48 


53 


5. 0 


1. 0 


3.0 








373 . 




9. 0 ■ 


. 44 


■ 54 


5.0 


1.0 


5. 0* 








' 380 




15.1 CNG) 


42 


55 


5. 0 ' 


1.2 












.80 


'8.6 


■ . 56 


56 


5.0 


1.5* 












68(NG) 


14.7CNG) 


. 47 




7.0 


1.0 












86 . 


7.6 


55 


58 


10. 0 


1.0 












76 ; 


6.6 


53 


59 


12. 0* 


1,0 












69 CNG) 


6.' 0 


53 



Balance: Fe 
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[Valuation of Property: Function of.C] 
In sample No. 33, radial crush strength was less 
than 70kgf/mm* and valuated "NG" , amount of wear was large 
and scuffing appeared. , The reason can be assumed that 
content of C was below the range (0.6. to 1.2 %) of the 
invention (claim 3), so that pearlite did not precipitate 
sufficiently in sample No. 33.. Moreover, in sample No. 
56, radial crush strength was less than 70kgf/mm 2 and 
valuated "NG" , and machinability declined. The reason 
can be assumed that content of C was above the maximum 
limitation of the invention, so that brittle cementite 
reticulately precipitated at grain boundary. • 
[Valuation of Property : Function of Ni] 
In sample Nos. "51 to 54 including Ni which was an 
effective element for strength of matrix, amount of wear 
was small and wear resistance was high . Comparing sample 
No. 36 including no Ni with sample Nos. 51 to 54 
including Ni, the value of micro vickers, hardness (MHV) : 
of sample Nos. 51 to 54 was generally high. Furthermore,. 
MHV increased according to content of Ni, thus,, the 
effect of - including Ni clearly appeared. However, in 
sample No. 54, content of Ni exceeded. the maximum 
limitation (no more than 3 %) of the invention (claim 4), 
so that a portion ' of matrix transformed to martensite and 
machinability was valuated "NG" . 

— — :-~-[-VaTuatTi^h 

In sample Nos. .37 to 47 which included machinability , 
improving element of BN or MgSiCK, the operation time for 
reaming were generally short compared to other samples, 
and machinability was sufficient. However, in sample No .. . 
41, radial crush strength- was valuated "NG" . The reason;- 
can be assumed that the content of MgSiCh was above the 
maximum limitation (no more than 1.0 %} of the invention 
(claim 5) in sample No. 41, so that progress of sintering 
was obstructed. Moreover, in sample No.. 47, radial crush ' 
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strength was valuated f 'NG". The reason can be assumed 
that the content of BN was above the maximum limitation 
(no more than 0.5 %) of the invention (claim 5) in sample 
No. 47, so that progress of sintering was obstructed 
similarly. * ..... 

[Valuation of Property: Function of P] - 
In sample Nosl 48 to 50 including P which - 
strengthened the matrix, amount of wear was small and 
wear resistance was" sufficient : However, In sample 50 in 
which content of P was above the range . (no more than 0.2 
%) of the invention (claim 6,7), steadite precipitated in. 
■ the matrix, so that machinability declined -and was . 
valuated' "NG". ' \ ■ 

C. Example 3 (Example of Manufacturing Process) 
' [Manufacture of Samples] 

' Powdered mixture'* including a .Fe powder or a Cu 
powder having not less than .74 /xm to no more than 250 /xm 
of particle size. in various element components were 
prepared, and samples were manufactured by the same 
process as Example 1.. Then, wear test was carried out at 
the same condition , as Example' 1, and appearance of 
scuffing was . observed. The result ■. is shown- in Table 3.. . 

-As shown in Table 3, in the. sample including no less 
than 90 % of Fe powder having not less than '74 /xm. to no 
more than 250 /xm of particle size-, good or best result : 
was obtained. On the contrary, in "the sample including 
80 i of Fe powder . having • not less than 74 /xm to no more 
than 250 /xm of . particle size,, scuffing appeared. 
Moreover, in the samples including no less than 30 % of 
Cu powder, having 7T"i:o 250 fim. of. pairticle size, good, or 
best result was obtained. On the contrary, in the sample 
including no 20 % of Cu powder having not less -than 74 /xm 
to no more than 250 /xm of particle size, scuffing 
appeared. 
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Table 3. 



Content of Fe Powder 


Valuation 


Remark 


having 74 — -250 /zm 






of Particle Size. 






(wtX) 






80 


No Good 


.-. Scuffing 


90 


. Good 


Good 


9.5 


Very Good 


Best 


100 


Very Good 


Best 


Content of Cu Powder 


Valuation . 


Remark 


having 74 — 250 /urn 






of Particle Size 






CwtX) 






20 


No, good 


Scuffing 


30 


Very Good 


Best 


50 


Very Good 


. Best 


80 


Very Good 


Best ." 


100 


Very Good 


Best 



D . Example 4 . 

Sample No. 60 manufactured by a powdered mixture 
including Cu powder which included not less than 30 % of 
— Cu powder having not less than 74 fim to no more than 2bU 
Mm of particle size with respect to entire Cu powder, and 
sample No. 61 manufactured by a powdered mixture blended- 
a Ni powder with the powdered mixture of : sample 60 were 
prepared. Comparative sample Nos.^ 1 and 2 in which the 
matrix structures'were mainly constructed. by martensite 
were prepared. Comparative sample Nos. 1 and. 2 were 
obtained by treating a heat treatment including quench ■■ 
hardening and tempering to the same samples as sample 
Nos. 60 and 61 respectively . Comparative sample No. 3 
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obtained by dispersing MgSiO* in the 'matrix of comparative 
sample No.- 1 was prepared. Moreover, a conventional 
valve guide having the same chemical composition as 
disclosed in Japanese Patent Laid Open No. 1992-57140 
(comparative sample 4) was prepared.. The chemical 
composition of sample. Nos. 60 and 61, and comparative 
sample Nos . 1 to 4 are shown in Table .4 . - ■■ 

Table 4 ■ ' •* ■ 



Sumple 
No. 


Chemical Composition (wtft) 


Matrix Structure 


Fe y 


Cu 


Ni 


c 


P 


MgSiOi 


60 


Balance 


5,0 




1.0 






Pearl ite 




Balance 


5.0 


i. 0 


1.0 






Pearlitei-Bainite 


^Comparative 


Balance 


5.0 




1.0 






Martensite 


Sample 1 
















. - ** • 

Comparative 


Balance 


5.0 


i/o. - 


1.0 






Martens i te4 Austen i te 


Sample 2 . 
















Comparative 


Balance 


5.0 




1.0 




. 0. 6 • 


Martensite 


Sample 3 
















. Comparative 


Balance 


4.0 




2. 0 


0. 6 


• 0. 6. 


Pearl ite+Steadite 


Sample 4 

















Sumple 
No. 



60- 



61 

Comparative' 

Sample 1 
Comparative 

. Sample 2 -.' 
Comparative 

Sample 3 
Comparative 

Sample 4 



Area-Ratio 



5. 1 



8. .6 
8.8 • 
8.4 
3.2 



Number of Pores 
having not less 
than 80 fim of 
Pore Size 



1 



T 
4 

4 

4 

1 



Amount of 
Wear 

' (.tint) 



57 

-46" 
40 

39 

41 

60 



Machin- 
ability 
(sec/1 Omm) 



8.3 

-8r5- 
15. 1 

14. 7 

13. 0 

12.6 



A wear test was carried out at the same condition as 
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♦ 

Example 2. Amount of wear and measurement of 
machinability with respect to the above samples are shown 
in Table 4. The reaming condition . was. the same as 
Example 2 . 

As clearly shown in Table 4., in samples Nos . 60 and 
61 of the invention and comparative sample Nos . 1 ..to 3; 
area-ratio of pores exposed on the. inner surface after 
machined was 2.7 to 10.7 %, and at. least one pore having 
not less than 80 jum was exposed per 1 mm 2 of the inner' 
surface, so that amount of wear was small and wear 
resistance, was sufficient in comparison with the result . 
of research of wear resistance (amount of wear) shown in 
Table 2. 

However/ as clearly shown in Table 4, in sample Nos. 
60 and 61 of the invention, with no hard phase, operating, 
time for reaming was. short and machinability was superior 
.in comparison with comparative sample Nos. 1 and 2 mainly 
having matrix of martensite, comparative sample No. 3 ;. 
■ having improved machinability by adding free cutting 

element in the matrix of . martensite, and the conventional 
valve guide (comparative sample No-.;4) having hard phase. 
Thus,, it can be clearly understood that both of wear 
' ■resistance and machinability are improved in the valve ' ! - 
guide manufactured by the present invention. 

As described the above, in the present invention, 
~ r ~~ sliding portion can Joe suitably lubricated"; so that 
appearance of scuffing of valve stem and leak of 
lubricating oil can be prevented (claims 1, 8 and 14). 
Furthermore, in the present invention, machinability can 
be improved remaining wear .resistance (claims 3, 4 and ■ 
6) , and machinability can be further improved (claim 5) . 
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WHAT IS CLAIMED IS: 

1. A valve guide manufactured by sintered alloy, ' 
said valve guide comprising an inner surface sliding with 
a valve stem, said inner surface finished by machining . 

- and ' exposing pores , 

'. area-ratio of the pores with 'respect to the inner . 
surface being 2.7 to 10:71, and at least one pore having 
pore size of not less- than 80 /zm .existing per 1 ram 1 of 
-the inner surface. 

2. A valve' guide according to claim 1 , wherein said 
area-ratio of the pores with respect to the inner-surface 

\ is "3 . 0 to ..10 . 0% . • * , -'V 

•; \ 3 . A valve .guide ^according to claim 1 or 2, wherein 
said sintered alloy comprises: .. ' . *" : V' : 
- .1 . 0 to 10. 0. % by weight of Cu; ' ; 
; -"0.6 to 1.2,.% by weight of . C; and balance, of Fe and 
inevitable impurity; and' 

matrix structure constructed by essentially pearlite 
• or composite . structure, of pearlite and bainite, 

• said sintered alloy does not include hard phase. - 

- . 4 • A valve .guide according to one of claims 1 . to 3, 

- — : Whfirfti n said sinfprpri. all ny" romprisfi^.: ___ ' I__ 

. 1.0 to 10.0 % by weight of Cu; \ " 

0. : 6 to ;1.2 I by weight, of C; - * 

more than 0 to no more than 3 1 by weight of Ni; .and 
.balance, of Fe and inevitable impurity; and , ■ 

matrix structure constructed by. essentially pearlite 
or composite structure- of pearlite and bainite, 

said sintered alloy does not . include hard phase . 

A valve guide according to one of claims 1. to 4, 
said sintered alloy comprises at least one of: 



:5. 

wherein 



0,01 to 0.5 % by weight of BN; and 
0.05 to' 1.0 % by weight, of MgSiCh- 

6. A valve guide according to one of claims to 5, 
wherein said sintered alloy further comprises no more 
than 0.2 % by weight of P.. 

7. A process for manufacturing a valve guide 
comprising the steps of: 

preparing powdered mixture comprising not less than 
85 % by weight of Fe powder having not less than .7 4 fim to 
no more than 250 /zm of particle size; 

compressing the powdered mixture to form a green 
compact having an inner surface; 

. sintering the green compact; and 

machining the inner surface. 

8. A process for manufacturing a valve guide 
according to claim 7, wherein said powdered mixture ■ 
comprises not less than 90 % by weight of Fe powder 
having not less than 74 fim to no more than 250 p of 
particle size. 

9. A process for manufacturing a valve guide 
according to claim 7 or 8, wherein said .powdered mixture 

comprises not less than 95 % by wpjghf of Fe powder , 

having not less than 74 /zm to no more than 250 /im of 
particle size . 

10. A process for manufacturing a valve guide 
according to one of .qlaims 7 to 9, wherein said particle 
size of Fe is not less than. 105 /zm. 

11. A process for manufacturing a valve guide 
according to one of claims 7 to 10, wherein said powdered 
mixture comprises no more than 3.0 % by weight of Ni 
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powder . 



12. A process for manufacturing a valve guide 
according' to one of claims 7 to 11, wherein the valve 
guide comprises an inner surface sliding with a valve 

. stem, said inner, surface finished by machining and \ 
exposing pores, 

area-ratio of the pores with respect to the inner 
surface being- 2 . 7 to . 10 . 77,, and at . least one pore having 
pore size of not less than 80 /im existing* per 1 mm : of 
the inner surface.'' 

13. - A process for manufacturing a valve guide of 
claim 3 comprising the steps of: 

preparing powdered mixture comprising Cii powder, ■ 
said Cu powder including not less than 25 7: by weigh of 
Cu powder having not less than 74 /xm to no more than 250 
•*/zm of particie size; '; ' : .'■ "* '* 

"*'■ . compressing the powdered mixture to form a green 
compact having an' inner surface; ; . = — v . 

sintering the green compact; and ' v ' ' 

machining the inner surface.. '/- 

■■: 14 . . - A process for manufacturing a valve guide 
according to claim 13, wherein said Cu powder includes 
no L 'i'esb — than 30 % by weigh of Cu powder- having not less 
than 74 /zm to no more, than 250 p of particie size. 

15. A, valve guide substantially as hereinbefore 
described. 

16. A process for manufacturing, a valve guide 
substantially as hereinbefore described. 
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